Background: The Beck Depression Inventory-II (BDI-II) is often used to assess depressive symptoms among stroke patients, but more evidence is needed regarding its psychometric properties in this population. The purpose of this study was to assess the BDI-II's psychometric properties using a Rasch model application in a sample of patients 6 months after a first clinical stroke. Methods: Data were collected prospectively from patient medical records and from questionnaires (with assistance if needed) as a part of a longitudinal study of poststroke fatigue. Data from the 6-month follow-up were used in this analysis. The sample consisted of 106 patients with first-ever stroke recruited from two Norwegian hospitals between 2007 and 2008. Depressive symptoms were measured with the BDI-II. Rasch analysis was used to assess the BDI-II's psychometric properties in this sample. Results: Five BDI-II items did not demonstrate acceptable goodness-of-fit to the Rasch model: items 10 (crying), 16 (changes in sleep), 17 (irritability), 18 (changes in appetite), and 21 (loss of interest in sex). If these 5 items were removed, the resulting 16-item version not only had fewer items, it also had better internal scale validity, person-response validity, and person-separation reliability than the original 21-item version in this sample of stroke survivors. Limitations: The study did not include a clinical evaluation of depression. Conclusion: A 16-item version of the BDI-II, omitting items 10, 16, 17, 18 and 21, may be more appropriate than the original 21-item BDI-II for use as a unidimensional measure of depression in patients following first-ever stroke.
Introduction
An estimated 33% of stroke survivors experience clinical depression , and post-stroke depression (PSD) is associated with both reduced quality of life (Gainotti et al., 2001; Sturm et al., 2004) and increased mortality (Williams et al., 2004) . Thus, it is an important clinical and research goal to develop accurate assessments of depressive symptoms (Forkmann et al., 2013) in order to elucidate the etiology, evaluate interventions and identify patients needing treatment.
Many assessments of depression severity use summative rating scales addressing a variety of symptoms and compare individual sum scores with standard cut-offs. However, such approaches assume that all items contribute equally to the same underlying construct. Assumptions regarding unidimensionality and interval-level data are rarely confirmed empirically and are routinely violated when applied to ordinal data (Kottorp, 2003) . Such applications may also lead to results with misleading clinical interpretations (Fisher, 1993; Merbitz et al., 1989; Wright and Linacre, 1989) , as depression may be either overestimated or underestimated depending on the specific items endorsed.
To address these concerns, Rasch models are increasingly used for psychometric evaluation of both new and existing instruments (Tesio, 2003) . Rasch analysis can be used to examine whether items measure a unidimensional construct, a crucial aspect of both classical and modern measurement statistics. Items that demonstrate poor fit to the Rasch model might be considered for deletion to improve the instrument (Kendel et al., 2010) . If Rasch model assertions are supported by empirical data, individual raw scores from empirically validated items can be converted into valid equal-interval measures to be used for further analysis (e.g., comparison to standard cut-offs). Rasch models can also identify differential item functioning (DIF), which occurs when peoples' ratings on particular items differ systematically according to specific characteristics (e.g. socio-demographic or clinical factors) relative to their ratings on other items. Prior studies have reported contradictory findings regarding PSD's relationship with socio- (Kottorp, 2003) 5 Person-separation reliability: Can the scale distinguish at least 3 distinct groups of depression in the sample tested?
Person-separation index (Fisher, 1992) 1.99 2.06
Internal consistency: Are item responses consistent with each other?
Cronbach alpha coefficient 0.90 0.91 4 0.8 (Fisher, 1992) a After initial evaluation of the original 21-item BDI-II, a stepwise process was used whereby items failing to meet criteria were removed one at a time, and only those meeting criteria in earlier steps advanced to subsequent steps. If more than one item failed to meet a criterion at a given step, the item with the worst fit was removed and the step was repeated with the remaining items. Through this process, a 16-item version omitting items 10, 16, 17, 18 and 21 was idenitified as meeting almost all criteria and is included in the last column. b We focus on infit rather than outfit statistics because they are usually considered more informative in analyses of goodness-of-fit, as they focus on the degree of fit in the most typical observations in the data, and are therefore less sensitive to extreme scores endorsed by only a few participants (McNamara, 1996) . c The five misfitting items did not demonstrate misfit in the first iteration, some emerged in subsequent iterations; items are listed in the order of removal and the MnSq values shown reflect the iteration prior to the item's removal as provided in Table 2 .
demographic factors (Kouwenhoven et al., 2011; Aben et al., 2002) , and thus, the possibility of DIF warrants consideration. A number of screening instruments have been used to assess depression among stroke patients (Aben et al., 2002; Turner et al., 2012; Kang et al., 2013) . Although the Beck Depression Inventory-II (BDI-II) (Beck et al., 1996) is one of the more widely used instruments (Haghgoo et al., 2013; Weaver et al., 2013) and has acceptable validity for depression screening for among stroke patients (Aben et al., 2002) , it has not been evaluated using Rasch analysis in this specific population. When the BDI-II was evaluated in a broader population of patients with neurological disease (Siegert et al., 2010) , participant responses demonstrated good overall fit to the Rasch model when three items were deleted. However, it is unclear whether these findings apply to stroke patients specifically. Thus, the aim of this study was to assess the BDI-II's psychometric properties in a sample of first-ever stroke patients using a Rasch model approach.
Methods

Sample and procedures
The study was approved by the Regional Medical Research Ethics Committee of Health East of Norway, the Norwegian Data Inspectorate, and the two hospitals from which patients were recruited. In 2007-2008, patients with first-ever stroke admitted to one of two hospitals in Eastern Norway were asked to participate in a previously described longitudinal fatigue study . Included patients had first-ever clinical presentation of stroke (World Health Organization, 2007), were 18 years or older, had sufficient cognitive and communication skills to participate, and provided written informed consent. Data were collected from medical records and validated questionnaires; 6-month follow-up data were used for this analysis to minimize the influence of somatic symptoms (Kang et al., 2013) .
Instrument
The BDI-II (Beck et al., 1996) was used to measure depressive symptom severity, with interviewer assistance when needed.
It consists of 21 groups of four or seven statements, and patients select the statements that best reflect how they felt for the past 2 weeks. Scores range 0-63, with higher scores indicating more severe symptoms.
Statistical analysis
A Rasch, partial-credit model application was used to analyze BDI-II raw scores using WINSTEPS Rasch analysis software, version 3.69.1.16 (Linacre, 2010) . The step-wise analytic approach and criteria for evaluating each psychometric property are summarized in Table 1 and have been previously described (Lerdal and Kottorp, 2011; Linacre, 2002 Linacre, , 2011 Mantel, 1963 , Smith et al., 1998 .
Results
Participants
Of the 193 patients screened for eligibility, 115 completed a baseline assessment, and the 106 with 6-month follow-up data were included in the analysis. The 9 participants who did not complete the 6-month assessment did not differ from those who did with respect to baseline depressive symptoms. The final sample was 40% male, 70% married/cohabitating, 25% had paid employment, and 29% had at least 12 years of education. Mean age was 687 13 years (range 29-91), and 80% were 60 years of age or older. Based on MRI or CT, stroke type was classified as infarct (63%), hemorrhage (8%), or unknown (29%). Of the 67 with valid data on stroke location, 48% were right hemisphere, 46% were left, and 6% were bilateral. Mean BDI score was 10.4 78.3 (range 0-52).
Analysis of the BDI-II's psychometric properties
Results for each step of the Rasch analysis are presented in Table 1 . All 21 items met criteria for acceptable rating scale functioning. Five items failed to demonstrate acceptable item goodness-of-fit (see Tables 1 and 2 ), while the remaining 16 items demonstrated acceptable item goodness-of-fit (see Table 2 ). For subsequent analytic steps, we evaluated psychometric properties of both the original 21-item BDI-II and a 16-item version omitting the 5 misfitting items. Principal components analysis indicated that only the 16-item version met the criterion of Z 50% of the variance explained by the first dimension, and both versions failed the criterion of o5% of the variance explained by the second dimension. The 16-item version demonstrated better person goodness-of-fit than the original 21-item BDI-II, which failed to meet the criterion of r5% of respondents having poor fit. Despite having fewer items, the 16-item version also demonstrated better person-separation reliability than the original BDI-II. Cronbach alpha coefficients for both BDI-II versions were acceptable. Of the original 21 items, item 15 (loss of energy) demonstrated DIF in relation to lesion type; patients with hemorrhage were more likely to experience this symptom compared to those with infarct. None of the other original 21 items showed significant DIF in relation to age, gender, cohabitant status, education, or stroke location. In the 16-item version, however, item 15 again demonstrated DIF but now in relation to age, with it being relatively easier to endorse among older patients compared with younger patients. Finally, comparison of the individual measures from the 21-item and 16-item versions indicated that the two versions generated similar measures for most respondents, and the measures were highly correlated.
Discussion
The main finding from this Rasch-analysis of the BDI-II in a sample of first-ever stroke patients was that five items failed to demonstrate acceptable goodness-of-fit to the Rasch model and might be considered for omission to improve the instrument's psychometric properties with this population. A 16-item version excluding these items demonstrates unidimensionality and seems to generate a more internally valid estimate of depression severity than the original 21-item BDI-II, and therefore may be a more appropriate scale for patients following stroke. Furthermore, 3 of the 5 items that did not show acceptable item goodness-of-fit consist of 4 response statements and 2 consist of 7 statements, so excluding these 5 items reduces the instrument length by 26 response statements. Reducing response burden is particularly beneficial for patients who tire easily.
Somewhat consistent with our findings, a prior Rasch analysis (Siegert et al., 2010) examining patients with different neurological diseases also recommended excluding three of the five BDI-II items (16, 18, and 21 ) excluded in the current study. Items 16 and 18 were modified from the original BDI to include 7 response statements capturing both increases and decreases in sleep and appetite (Beck et al., 1996) . Since increases and decreases are coded similarly, higher values reflect only the amount of change in sleep or appetite, not the direction of change. However, the poor fit of these items across two samples may indicate a lack of empirical support for this revised coding. Only our study excluded items 10 and 17, but it is unclear whether the differences between the two studies are related to chance or to clinical diagnosis. Together, these studies provide evidence that items 16, 18 and 21 do not contribute to a unidimensional measure of depression among patients with neurological conditions or the more specific population of stroke patients. Larger studies with more homogeneous neurological samples may reveal whether there are systematic explanations for the other misfitting items (e.g., diagnostic profiles) .
The presence of DIF in the loss of energy item in both the 21-and 16-item versions, albeit regarding different patient characteristics, suggests that loss of energy may be experienced differently across various groups relative to other BDI-II items. It is also possible that the DIF occurred by chance and thus has minimal impact on the BDI-II's validity across lesion types and age groups.
The findings of this study need to be considered in light of its limitations. Findings are limited to patients 6 months following first-ever stroke, and additional studies are needed to evaluate the BDI-II's psychometric properties among patients at different stages of recovery, with recurrent stroke, and using more detailed stroke diagnostics. Given the lack of unidimensionality in the original BDI-II, the cut-off scores used to indicate depression severity may warrant further evaluation among stroke patients. Because this study did not include a clinical evaluation for depression, it remains unclear whether the current cut-off scores were clinically useful in this sample of stroke survivors and what adjustments, if any, would be needed for use with the 16-item version. The study is also limited by the relatively small sample size for this type of analysis, particularly for evaluating DIF. Replication in larger samples is warranted. Furthermore, the influence of stroke severity on the BDI-II's psychometric properties was not evaluated in this study, but warrants consideration in future research given recent studies indicating stroke severity's association with poststroke depression De Ryck et al., 2013) and influence on a screening instrument's psychometric properties, particularly one containing somatic items such as the BDI (Kang et al., 2013) . Finally, optimizing some of the psychometric properties of the BDI-II based on the Rasch model may result in the exclusion of clinically valuable information from the instrument. Because screening instruments are typically designed to generate a single measure of an underlying unidimensional construct, we recommend that future studies consider excluding the five items that posed threats to the BDI-II's validity and reliability as a measure of depression among stroke survivors. However, this suggestion does not mean that these items are not relevant to the diagnosis of depression, as these symptoms likely still have considerable clinical relevance and thus warrant systematic assessment as part of the clinical evaluation process.
Conclusion
Assessment of psychometric properties in a variety of samples is important for demonstrating an instrument's validity, especially when comparing findings across studies and for a scale originally developed with psychiatric patients (Beck et al., 1988) and now often used with somatic patients. The findings of this explorative study and those of Siegert et al. (2010) raise concern about the original 21-item BDI-II for depression screening among stroke survivors. Given the questionable validity of the summed scores, use of the 21-item BDI-II may lead to over-or under-estimation of depression among people with stroke or other neurological conditions. A 16-item version that omits items 10, 16, 17, 18 and 21 may be more appropriate than the original version as a unidimensional measure of depression among stroke patients and would likely reduce respondent burden. Omission of these five items might also increase the BDI-II's ability to distinguish between patients with low, medium, and high levels of depression, although further research is needed to determine appropriate cut-off scores for the 16-item version.
